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Γ(ξ, η) =Γ(2)(ξ, η) +
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Tζk + O(τ2M+1), Tζk =











@F 		'	  	 $    &'  #& 
P& N55$ α
(M)
ζ , ζ = 1, . . . ,M # M ≥ 1 -*-M- -1 )*1*&6
 - 1F1(−M,−2M, 2Mı/α) = 0,  1F1 0- )16
.- 5$-# N55$ α¯
(M)





ζ 1M *M, A α(M)ζ < 0  0.6 < |α(M)ζ | < μ−1, 
μ ≈ 0.28 & $ - μ exp(μ+ 1) = 1 P11# . *6




)*&4- 4*0 !@B"# )41 =
$c dc$  ;
   )1 !DB"#   1 M  *& ?
M − 1 )1*&/ 5$ ψk+ ζM A
ψk+ζ/M = Tζkψk+(ζ−1)/M , ζ = 1, ...,M. !@E"
7  ?). )/  ψ(tk)  k61 *  ψ(tk+1)  k + 16
1 * *& α(M)ζ < 0# )1*& ) Tζk 41.#
**& 1 / ‖ψk+ζ/M‖  $#   ‖ψk‖ = ‖ψk+1/M‖ = · · · =
‖ψk+1‖ = 1 
1 7 !@E"  01 k61 *  Ωτ *- )?*6



























M , ζ = 1, 2, . . . ,M,
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+ V (x), ψ(±∞, t) = 0, ψ(x, t0) = ψ0(x),
)M, 1 ;{61  )$*1 7*-6 **# V (x) =
− cosh−2 x#  )* *4 1)*&  )*&1 )?*0
q(x, t) = xf(t), f(t) =
{
f0 sin2( πt2t0 ), 0 < t < 2t0;
0, |t− t0| ≥ t0, !@H"
) f0 = t0 = 1  . .*& -- ψ(x, t0) ?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Ωph = {−1500(200)− 300(200)− 20(200)− 1(400)1(200)20(200)300(200)1500},
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|[ψ(x, t)− ψτj (x, t)]|2dx, αM (t) = ln |Er(t; 1)− Er(t, 2)||Er(t; 2)− Er(t, 3)|/ ln 2.
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6
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 W  M = 2  0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.-1 α(tk) 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1− η2 + p
2(1 − η2), !B;"
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.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lim
η→±1
(1 − η2)∂Ψ(r, η)
∂η
= 0, * m = 0; Ψ(r,±1) = 0, * m = 0; !BD"
∂Ψ(r, 0)
∂η
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lim
r→∞ r
2Ψ(r, η) = 0 → Ψ(rmax, η) = 0. !B@"
P& )?*0 4. N  ≡ (rmax) W 4 ? 46
. i≡ i(rmax)  4. !B="W!B"  .1 * 0≤ r ≤ rmax# rmax1#




r2|Ψ(r, η)|2drdη = 1. !BB"
* 5$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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∂Ψ(r, η)
∂r
− μΨ(r, η) = 0. !BE"
K*- .# )1 7 Ψmσi (r, η)   4*0- ) 6
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/ ?4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/ 5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 Φj(η; r) ≡ Φmσj (η; r) ) 5/
4.-/ m  . σA
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 5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 Φj(η; r) ) 01 5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. )1 r -*-M-
7-1 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 4.-
Aˆ(0)(r, η)Φj(η; r) = Ej(r)Φj(η; r),
∫ 1
−1
Φi(η; r)Φj(η; r)dη = δij . !B<"
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χ(i)(r) = i Iχ(i)(r), !BC"
B= 		'	  	 $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7-  )  ≡ {i}imaxi=1 # M, 41 ?6
1 4.-1 i# ).-M- 1 *-1
lim
r→∞ r
2χ(i)(r) = 0 → χ(i)(rmax) = 0, !E;"
 *-1 1∫ rmax
0
r2(χ(i)(r))Tχ(j)(r)dr = δij . !ED"
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−Q(r)χ(r) = χ(r)Λ, !E@"
 No W .* / * ) * p
2
io = 2E − Eio(∞) > 0 
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  4.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* r ∈ [0, rmax] 
• X~IX .*-  .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.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r ∈ [0, rmax] 
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.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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 N55$ 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./ N*1 !i, j = 1, . . . , jmax" ) ?*&7/ 4.-/
*&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 r  1 
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r ∈ [0, rmax]
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.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